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Introduction  and  Background 

In  the  fall  of  2005,  the  Groundwater  and  Stream  Water  Monitoring  Section  of  the 
Ministry  of  the  Environment  (MOE)  identified  consistently  elevated  levels  of 
certain  ions  and  more  specifically  macronutrients  in  Sturgeon  Creek  and  Lebo 
Drain.  The  Section  provided  these  values  to  Southwestern  Regional  and  Windsor 
Area  Office  MOE  for  assistance  in  determining  the  potential  sources  of  the 
pollution.  Figure  1  provides  a  comparative  analysis  of  the  average  concentrations 
of  macronutrients  (nitrogen,  total  phosphorus  and  potassium)  within  Sturgeon 
Creek  and  Lebo  Drain  as  compared  to  other  creeks  within  Essex  County.  Figure 
2  depicts  the  increasing  trend  of  total  phosphorus  measured  through  the 
Provincial  Water  Quality  Monitoring  Network  (PWQMN)  from  1966-2009. 

Sturgeon  Creek  and  Lebo  Drain  are  adjacent  to  each  other  and  are  located  near 
Leamington,  Ontario.  The  two  watercourses  are  routinely  monitored  as  part  of 
the  PWQMN.  Metal  and  nutrient  values  for  these  drains  are  elevated  beyond  the 
provincial  average  typical  of  drains  and  creeks  within  the  Essex  Clay  Plain. 

Ministry  Staff  from  the  Southwestern  Regional  Office  completed  water  sampling 
along  the  Lebo  Drain,  Hillman  Creek  and  Sturgeon  Creek  in  the  summer  of  2007. 
Sample  sites  were  selected  to  determine  whether  nutrient  sources  were 
associated  with  possible  lake  effect  (as  the  PWQMN  sample  points  were  near 
the  mouths  of  the  watercourses)  or  with  specific  tributaries  within  the  respective 
watersheds. 

Water  quality  samples  were  analysed  for  the  same  parameters  that  have  been 
identified  as  elevated  through  the  routine  monitoring  of  the  Provincial  Water 
Quality  Monitoring  Network.  Specifically  these  are;  conductivity,  nitrate, 
ammonia,  total  Kjeldahl  nitrogen,  total  phosphorous  and  metals. 

Water  quality  results  from  the  2007  investigation  demonstrated  that  above 
average  levels  of  nutrients  were  present  in  the  majority  of  the  tributaries  sampled 
within  the  Lebo  Drain  and  Sturgeon  Creek  watersheds.  Sample  results  for 
Hillman  Creek  suggested  significantly  less  influence  of  nutrients  than  did  the 
Lebo  and  Sturgeon  Creek  sample  results.  The  report  prepared  in  2007  is 
attached  to  this  report  in  Appendix  A. 

A  significant  land  use  within  the  watersheds  is  greenhouse  operations  and  field 
production  of  vegetables  -  predominately  field  tomatoes.  July  2007  was  a 
particularly  dry  month  and  inspection  of  tile  drains  servicing  surrounding  field 
tomato  growing  operations  did  not  suggest  the  presence  of  flow  from  the  fields. 
Staff  observations  of  greenhouse  ponds  found  several  persistent  discharges  from 
various  greenhouses. 

The  study  found  high  levels  of  inorganic  phosphorous  and  nitrate.  Inorganic 
phosphorous  and  nitrate  are  consistent  with  the  use  of  inorganic  fertilizers. 
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These  results  coupled  with  observed  discharges  from  several  greenhouse 
facilities  provided  sufficient  information  for  staff  to  hypothesize  that  greenhouse 
ponds  could  be  a  likely  source  of  water  pollution  within  the  Lebo  and  Sturgeon 
Watersheds. 

In  the  summer  of  2010,  Staff  from  the  Southwestern  Regional  and  Windsor  Area 
offices  completed  a  water  quality  analysis  of  20  greenhouse  ponds  and  outfalls 
within  the  Leamington  and  Kingsville  areas.  The  purpose  of  the  project  was  to 
confirm  that  greenhouse  outfalls  were  a  source  of  elevated  metals  and  nutrients 
to  watercourses  in  and  around  these  areas. 

Figure  1.      Macronutrient  Data  -  Provincial  Water  Quality  Monitorina  Network 
-  Waterways  of  Essex  County  (Source  MOE:  Provincial  Water 
Quality  Monitorinp  Network) 
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Figure  2.         A  increasinp  trend  in  total  phosphorus  in  Sturgeon  Creek  between 

1966  to  2009.  (Source  MOE:  Provincial  Water  Quality  Monitoring  Network  station 
number  16002700102) 
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Study  Design 

The  study  sampled  direct  discharges  from  greenhouse  operations,  and  where 
possible,  the  stream  upstream  and  downstream  of  the  discharge  to  establish  the 
quality  and  effect  of  greenhouse  discharges.  A  reconnaissance  trip  was 
completed  on  May  3  and  4,  2010  to  determine  which  sites  would  be  sampled. 
These  sites  were  chosen  based  on  proximity  to  greenhouse  outfalls,  ability  to 
obtain  upstream  and  downstream  samples  as  well  as  ease  of  access  from 
roadways.  A  control  site  was  chosen  to  determine  stormwater  quality  which 
would  be  expected  in  the  area.  The  control  site  drains  a  minimum  of  35  ha  of 
subdivision  on  the  southwest  side  of  Leamington.  Nitrogen  (in  the  form  of  nitrate), 
phosphorous,  and  potassium  were  investigated  as  the  three  macronutrient 
sources.  Zinc,  copper,  manganese,  iron  and  molybdenum  were  also  investigated 
as  these  are  common  targeted  micronutrients  for  greenhouse  blends  (Plant 
Products,  2010).  Table  1  outlines  the  2010  sample  locations  and  description.  A 
map  of  the  sample  locations  is  included  as  Appendix  B. 
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Table  1: 


Sample  location  and  description  of  2010  sampling  sites 


Site 
Name 


UTM 


CO; 


Site  Description 


Control 
Site 


366106 
4656032 


Tlie  control  site  chosen  for  this  project  was  a  Stormwater 
Management  Pond  on  Sandy  Lake  Drive.  The  sample 
results  from  the  pond  will  be  used  to  determine  typical 
stormwater  quality  for  the  area.  


Site  1 


367455 
4663514 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  1 .  The  source  sample  was  taken  from  the  pond 
rather  than  the  outflow  because  the  tile  was  below  the 
surface  of  the  watercourse. 


Site  2 


0367411 
4662869 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  2.  The  source  sample  was  taken  from  pond 
rather  than  the  outflow  because  the  tile  was  below  the 
surface  of  the  watercourse. 


Site  3 


368050 
4663105 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  3.  The  source  sample  was  taken  just  below  the 
outfall  prior  to  mixing  with  the  watercourse.  


Site  4 


368470 
4663181 


Upstream  and  downstream  samples  were  obtained  from 
Site  4.  The  pipe  was  unable  to  be  sampled.  The  nature  of 
the  connection  to  the  greenhouse  or  pond  is  unknown. 


Site  5 


368278 
4660380 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  5.  Two  pipes  were  present,  one  plastic  pipe  with 
a  likely  connection  to  the  pond  and  one  metal  culvert  of 
unknown  origin.  Both  pipes  have  continuous  flow.  


Site  6 


370513 
4660126 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  6.  The  source  sample  was  taken  from  a  tile 
flowing  out  of  the  greenhouse.  


Site  7 


369700 
4656804 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  7.  The  source  sample  was  taken  from  a  tile 
flowing  from  the  pond  into  the  watercourse.  A  compost  pile 
was  located  on  the  south  side  next  to  the  watercourse. 


Site  8 


366942 
4658268 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  8.  The  source  sample  was  taken  from  the  pipe 
flowing  out  of  the  pond  into  the  watercourse.  


Site  9 


366890 
4658260 


A  source  sample  was  obtained  from  Site  9.  The  source 
was  a  green  tile  discharging  direcfly  to  the  watercourse. 
Site  10  serves  as  the  upstream  sample  and  Site  8  as  the 
downstream  sample.  


Site  10 


366782 
4658195 


Upstream,  downstream  and  source  samples  were  obtained 
from  Site  10.  The  source  sample  was  taken  from  the  pipe 
flowing  out  of  the  pond  into  the  watercourse.  


Site  1 1 


364799 
4658431 


A  source  sample  was  obtained  from  site  1 1 .  The  sample 
was  taken  from  a  watercourse  which  originates  from  the 
pond  outlet. 
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Site  12 

36331 1 
4658589 

A  source  sample  was  obtained  from  site  12.  Tlie  sample 
was  taken  from  a  watercourse  which  originates  from  the 
pond  outlet. 

Site  13 

363578 
4658556 

A  source  sample  was  obtained  from  site  13.  The  sample 
was  taken  from  a  watercourse  which  originates  from  the 

pond  outlet. 

Site  14 

364096 
4659256 

Upstream,  downstream  and  source  samples  were  obtained 
from  Site  14.  The  source  sample  was  taken  from  the  tile 

flowing  from  the  pond  to  the  watercourse. 

Site  15 

359925 
4658538 

Upstream,  downstream  and  source  samples  were  obtained 
from  Site  15.  The  source  sample  was  taken  from  the  tile 
flowing  from  the  pond  to  the  watercourse. 

Site  16 

361244 
4859260 

A  source  sample  was  taken  from  the  tile  flowing  from  the 
greenhouse  into  the  pond.  No  outlet  was  evident  at  this 
site,  but  infiltration  is  suspected. 

Site  17 

361 157 
4658142 

A  source  sample  was  taken  from  the  pond.  The  connection 
to  the  greenhouse  is  unknown.  No  outlet  was  evident  at 
this  site. 

Site  18 

361148 
4658091 

Upstream,  downstream  and  source  samples  were  obtained 
from  Site  18.  The  source  sample  was  taken  from  the  pipe 
flowing  out  of  the  pond  into  the  watercourse. 

oiie  iy 

360929 
4658104 

Upstream,  downstream  and  source  samples  were  obtained 
from  Site  19.  The  source  sample  was  taken  from  the  pipe 
flowing  into  the  watercourse.  The  nature  of  the  connection 
to  the  greenhouse  or  pond  is  unknown 

Site  20 

360349 
4658145 

Upstream,  downstream  and  source  samples  were  obtained 
from  Site  20.  The  source  sample  was  taken  from  the  pipe 
flowing  out  of  the  pond  into  the  watercourse. 

Sample  dates  for  this  project  were  chosen  to  be  approximately  one  month  apart. 
With  the  exception  of  the  July  27,  2010  sampling  event,  the  samples  were  taken 
after  periods  of  very  little  precipitation.  Table  2  outlines  weather  conditions  at  the 
Environment  Canada  Harrow  Weather  Station  for  the  sampling  days  and  5  days 
previous. 


Table  2:  Sample  dates  and  weather  conditions  (Environment  Canada, 
Harrow  Station) 


Sample  Date 

Rain  in  Previous  5  Days 

Rain  on  Previous  Day  (mm) 

May  4,  2010 

10.6 

0 

June  1,  2010 

4.5 

4.5 

June  28,  2010 

0 

0 

July  27,  2010 

84.5 

0 

7.1 

0.6 
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Two  separate  samples  were  obtained  from  each  site  for  eacli  sampling  event. 
Once  samples  were  taken  the  filled  sample  bottles  were  placed  into  a  cooler  with 
ice.  One  of  the  two  bottles  taken  from  each  site  was  labelled  for  metals  and  was 
preserved  with  nitric  acid  in  the  field.  Samples  were  sent  to  the  MOE  lab  on  the 
day  following  the  sampling  event.  Table  3  lists  the  parameters  analyzed  for  each 
sample. 


Table  3:       Sample  parameters  analyzed  for  2010  greenhouse  sampling 


PH 

Alkalinity 

Conductivity 

Total  Ammonia  Nitrogen 

Nitrate 

Nitrite 

TKN 

Total  Phosphorus 

Phosphate 

Aluminium 

Barium 

Beryllium 

Calcium 

Cadmium 

Cobalt 

Chromium 

Copper 

Iron 

Manganese 

Magnesium 

Molybdenum 

Nickel 

Lead 

Potassium 

Sodium 

Strontium 

Titanium 

Vanadium 

Zinc 

Hardness 

Sample  Results 


208  samples  were  taken  in  total  and  analyzed  for  the  parameters  listed  in  Table 
3.  Results  of  the  sampling  indicate  elevated  levels  of  nutrients  including  nitrogen, 
phosphorus,  potassium  and  select  metals  in  both  the  source  samples  and 
watercourse  samples.  Samples  were  elevated  relative  to  Provincial  Water  Quality 
Objectives  (PWQO)  and  local  watercourses  in  Essex  County.  Source  samples 
were  compared  to  Provincial  PWQO  and  area  water  quality  values.  Local  water 
quality  values  were  obtained  from  the  average  of  provincial  water  quality 
sampling  data  obtained  from  2004-2010  in  Muddy  Creek,  Cedar  Creek,  Canard 
River  and  the  Ruscom  River  in  Essex  County.  The  number  of  exceedences  were 
tallied  and  compared  to  the  guidelines  as  percent  exceedences,  and  are 
presented  in  Table  4  below.  The  raw  data  sample  results  can  be  found  in 
Appendix  C. 
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Table  4:       Percent  of  source  samples  exceedinp  PWQOs  and  Local  Water 
Quality  (n=90)  (Source  MOE:  Provincial  Water  Quality  Monitoring 
Network) 


PWQO/  (Canadian 

2004-2010 

Water  Quality 

% 

Local  Water 

% 

Parameter 

^  riMldeilnel 

Exceedance 

Quality 

Exceedance 

Nitrate 

(3  mg/L) 

89% 

3.74  mg/L 

89% 

Phosphorus;  total 

0.03  mg/L 

100% 

1.26  mg/L 

66% 

Potassium 

9.64  mg/L 

90% 

PH 

6.5-8.5 

29% 

Aluminum 

75  |jg/L 

59% 

Beryllium 

1100  \^g/L 

0% 

Cadmium 

2|jg/L 

24% 

Cobalt 

0.9  |jg/L 

52% 

Chromium 

1  ijg/L 

19% 

Copper 

5Mg/L 

89% 

4.50  Mg/L 

89% 

Iron 

300  |jg/L 

52% 

Molybdenum 

40  Mg/L 

41% 

5.73  Mg/L 

77% 

Nickel 

25  |jg/L 

22% 

Lead 

5|jg/L 

19% 

Vanadium 

6|jg/L 

46% 

ZiDG. 

20  Mg/L 

87% 

20.28  Mg/L 

90% 

Table  4  demonstrates  that  nitrate  exceeded  the  guideline  (3mg/L)  and  the  local 
water  quality  values  (3.74mg/L)  in  89%  of  samples.  Potassium  exceeds  local 
water  quality  values  in  90%  of  samples.  Phosphorous  exceeds  the  PWQO  in 
100%  of  samples.  Elevated  phosphorous  values  above  the  PWQO  are  not 
uncommon  for  southern  Ontario  streams;  However  the  phosphorus 
concentrations  from  the  study  also  exceed  local  water  quality  values  in  66%  of 
samples.  Copper,  zinc  and  molybdenum  exceeded  the  PWQO  in  89%,  87%  and 
41  %  of  samples  respectively.  Similarly,  copper  and  zinc  exceed  local  water 
quality  values  in  89%  and  90%  of  samples;  with  molybdenum  exceeding  74%  of 
local  water  quality  values. 

Table  5  compares  all  sampling  results  (discharges,  upstream  and  downstream) 
to  guidelines  and  local  water  quality. 
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Table  5:       Percent  of  all  samples  exceeding  PWQO  and  Local  Water  Quality 
(n  -  208)  (Source  MOE:  Provincial  Water  Quality  Monitoring  Network) 


PWQO/ 

2004-2010 

(Canadian 

Local 

Water  Quality 

0/ 

/o 

Water 

% 

Parameter 

Guideline) 

Exceedance 

Quality 

Exceedance 

Nitrate 

(3  mg/L) 

92% 

3.74  mg/L 

91% 

Phosphorus;  total 

0.03  mg/L 

1 00% 

1.26  mg/L 

73% 

Potassium 

9.64  mg/L 

93% 

PH 

6.5-8.5 

11% 

Aluminum 

75  |jg/L 

66% 

Beryllium 

1100  Mg/L 

0% 

Cadmium 

2|jg/L 

21% 

Cobalt 

0.9  |jg/L 

53% 

Chromium 

1  ijg/L 

17% 

Copper 

5|jg/L 

90% 

4.50  Mg/L 

91% 

Iron 

300  Mg/L 

51% 

Molybdenum 

40  Mg/L 

24% 

5.73  Mg/L 

74% 

Nickel 

25  Mg/L 

23% 

Lead 

5  Mg/L 

17% 

Vanadium 

6  Mg/L 

47% 

Zinc 

20  Mg/L 

86% 

20.28  Mg/L 

86% 

Results  were  found  to  be  very  similar  between  the  source  sample  exceedance 
values  and  all  sample  results  for  nitrate,  total  phosphorus  and  potassium. 

Trend  analysis 

All  sites  with  representative  upstream  and  downstream  samples  were  compared 
to  determine  trends.  Sites  with  observable  trends  between  upstream  and 
downstream  water  quality  were  noted  as  increasing,  decreasing  or  no  trend  for 
total  phosphorus,  nitrate  and  potassium.  Of  the  20  sites  sampled  for  this  project, 
15  sites  had  representative  upstream,  downstream  and  source  samples,  which 
allowed  for  the  comparison  of  184  sample  results  of  total  phosphorus,  nitrate  and 
potassium.  The  trends  are  a  general  observation  and  do  not  take  into  account 
the  dilution  potential  or  difference  in  flow  between  the  source  and  the  receiver. 
For  instance,  a  highly  concentrated  source  with  only  a  trickle  flow  may  have  no 
noticeable  effect  on  a  receiver  with  higher  flow,  although  loading  would  still  be  a 
concern.  Three-dimensional  graphs  (nitrogen,  total  phosphorus  and  potassium) 
for  sites  with  representative  upstream,  downstream  and  source  samples  can  be 
found  in  Appendix  D. 

Table  6,  below  presents  trend  data  for  each  site,  as  trending  up,  down  or  no 
trend  as  a  percentage  of  sampling  events. 
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Table  6:  Trends  from  upstream  to  downstream  of  source  discharge  for  Total 


Phosphorus,  Nitrate  and  Potassium. 


Site 

Trend  Up  (%) 

Trend  Down 

(%) 

No  trend  (%) 

1 

67 

33 

0 

2 

78 

22 

0 

3 

80 

20 

0 

4 

89 

0 

11 

5 

67 

33 

0 

6 

58 

25 

17 

7 

78 

8 

13 

80 

7 

9 

42 

58 

0 

10 

67 

33 

0 

14 

100 

0 

0 

15 

42 

50 

8 

18 

100 

0 

0 

19 

25 

75 

0 

Eleven  of  fifteen  sites  sliow  an  increasing  trend  from  upstream  to  downstream  in 
more  than  50%  of  the  sample  results  for  total  phosphorus,  nitrate  and  potassium. 
This  is  depicted  by  shaded  cells  in  the  table.  Further,  7  of  15  sites  show  an 
increasing  trend  from  upstream  to  downstream  in  over  75%  of  the  sample 
results.  Those  sites  without  an  increasing  trend  may  be  impacted  by  any  of  a 
number  of  factors,  including,  low  ratio  of  discharge  to  creek  volume,  heavily 
impacted  upstream  concentrations  and/or  a  relatively  clean  pond  discharge. 
Table  6  demonstrates  that  for  the  most  part,  pond  discharges  are  impacting  the 
water  quality  of  the  receiving  watercourse. 

Samples  results  were  chosen  for  comparison  of  the  furthest  upstream  and 
furthest  downstream  sample  site  to  determine  the  overall  change  in  water  quality 
in  the  watercourse.  The  watersheds  with  upstream  and  downstream  sites  able  to 
be  used  for  comparison  were  Sturgeon  Creek,  Lane  Drain  and  Lebo  Drain.  The 
values  for  each  of  these  samples  are  listed  in  Table  7. 
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Table  7:       Overall  Water  Quality  Trends  from  upstream  to  downstream  in 
Sturpeon  Creek,  Lane  Drain  and  Lebo  Drain  (see  appendix  B  for 

sample  locations). 


Sturgeon  Creel< 

Lane  Drain 

Lebo  Drain 

14US 

7DS 

18US 

20DS 

1US 

4DS 

Nitrate  (mg/L) 

2.04 

22.34 

2.59 

23.52 

55.05 

77.52 

Copper  (ug/L) 

7.20 

123.74 

10.85 

10.05 

93.74 

278.67 

Molybdenum  (ug/L) 

0.43 

44.70 

1.31 

5.97 

14.10 

20.30 

Zinc  (ug/L) 

7.19 

168.74 

47.03 

40.30 

93.30 

177.70 

Table  7  demonstrates  that,  with  the  exception  of  copper  and  zinc  in  the  Lane 
Drain,  the  concentration  of  total  phosphorus,  nitrate,  copper,  molybdenum, 
potassium  and  zinc  increase  from  upstream  to  downstream  in  the  watercourse. 
It  should  be  noted  that  the  concentrations  of  many  of  the  parameters  were 
already  elevated  over  local  background  water  quality  values  in  the  upstream 
sample  for  Lebo  Drain.  The  cause  for  this  elevation  over  background  at  the 
headwaters  is  unknown. 

Box  Plot  Analysis  (25*^5*^  Percentile) 

Box  plot  analysis  using  25*"^  and  75"^  percentile  removes  the  more  extreme 
values  in  the  distribution  of  results  and  allows  for  a  more  clear  and  conservative 
understanding  of  the  effect  of  discharges  on  the  stream  water  quality.  Figures  2, 
3,  and  4  present  the  25"^/75"'  percentile  of  source  pond  concentrations  of  nitrate, 
phosphorous  and  potassium  as  compared  to  the  upstream  water  quality.  All  three 
figures  demonstrate  that  the  average  water  quality  of  the  upstream  samples  is  of 
better  quality  than  the  median  of  the  source  pond  samples.  The  distributions 
show  that  the  majority  of  the  source  pond  samples  are  of  poorer  water  quality 
than  the  average  of  the  upstream  samples.  For  each  parameter  analyzed 
(nitrate,  phosphorous  and  potassium)  the  box  plots  demonstrate  that  the  source 
ponds  are  contributing  to  the  overall  concentration  of  macronutrients  to  the 
watercourses  to  which  they  discharge. 
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Figure  3:       Nitrate  Concentrations  (25^^/75*^  Percentile) 
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Figure  4:      Total  Phosphorus  Concentrations  (25  /75  Percentile) 
Total  Phosphorus  Concentrations  -  2010  Sampling  Season 
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Figure  5:     Potassium  Concentrations  (25*^/75''^  Percentile) 


Potassium  Concentrations  -  2010  Sampling  Season 
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Greenhouse  Ponds 


The  2010  greenhouse  discharge  results  were  compared  to  results  obtained  from 
other  retention  ponds  in  the  province.  Comparison  was  made  to  an  urban 
stormwater  Pond  in  Toronto  Ontario  and  two  landfills  in  Southwestern  Ontario. 
Furthermore,  4  samples  were  collected  from  a  local  storm  pond  within 
Leamington  to  use  as  a  comparative  control.  For  the  Toronto  pond  the  average 
of  21  sample  events  were  used.  For  the  landfills,  the  higher  of  two  suites  of 
available  data  were  chosen  in  order  to  be  conservative  when  making  the 
comparison  with  the  other  ponds'  data 

Data  obtained  for  macronutrients  demonstrates  that  the  average  discharge  of  the 
2010  greenhouse  study  was  consistently  above  stormwater  ponds.  Table  7  and 
Figure  5  demonstrates  that  average  Potassium  values  from  the  greenhouse 
ponds  were  nearly  fifty  times  higher  than  the  next  highest  comparison  pond  and 
Nitrate  is  80  times  above  the  comparison  ponds.  The  landfill  ponds  demonstrate 
very  low  phosphorous  values.  Using  an  anticipated  value  of  0.7  mg/L  (OMOE, 
2003)  the  average  Phosphorus  values  from  the  greenhouse  sources  are  60  times 
above  expected  values. 

Table  8  and  Figure  6  (metals  analysis)  demonstrates,  with  the  exception  of 
sodium,  that  the  2010  greenhouses  were  equal  to  or  higher  than  all  other 
comparison  ponds.  Copper,  Zinc  and  Molybdenum  were  significantly  higher  than 
the  other  ponds. 


Table  8:  Macronutrients  Comparison.  Greenhouse  Average  Discharges 
compared  to  Leamington  Control  Storm  Pond,  an  Urban  Storm 
Pond  and  Landfill  Storm  Ponds 


Toronto 

Landfill 

Parameter 

Leamington 

Stormpond 

Stormponds 

Greenhouse 

(mg/L) 

Control 

(a) 

(b) 

Ponds/outfalls 

Total  Ammonia 

0.067 

0.1 

0.18 

1.02 

Nitrate  +  Nitrite 

0.2825 

0.987 

1.15 

92.46 

Nitrate 

0.27 

0.948 

1.05 

91.88 

Total 

Phosphorous 

0.095 

0.06 

0.14 

42.2 

TKN 

0.95 

0.75 

1.25 

2.16 

Potassium 

2.67 

nd 

4.3 

211 

(a)  source:  Toronto  and  Region  Conservation  Authority  (2003) 

(b)  source:  City  of  London,  2006;  Waste  Management  Corporation  of  Canada,  2009 
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Figure  6:     Bar  Graph  -  Macronutrients  Comparison.  Greenhouse  Average  Discharges  compared  to  Leamington 


Control  Storm  Pond,  an  Urban  Storm  Pond  and  Landfill  Storm  Ponds 

Comparison  of  Ponds  -  Macronutrients  (mg/L) 


Greenhouse 


Table  9:       Metals  Comparison  -  Greenhouse  Averapes  Discharpe  compared 
to  Leamington  Control  Storm  Pond,  an  Urban  Storm  Pond  and  Landfill  Storm 
Ponds 


Toronto 

Landfill 

Parameter 

Leamington 

Stormpond 

Stormponds 

Greenhouse 

(Mg/L) 

control 

(a) 

(b) 

ponds/outfalls 

Chromium 

0.19 

2 

5 

6.55 

Copper 

1.13 

10.2 

13.3 

916 

Iron 

187.6 

470 

560 

580.9 

Magnesium 

1.81 

18 

24 

39.7 

Manganese 

29.8 

110 

17.6 

153.03 

Molybdenum 

0 

1.4 

nd 

435.8 

Nickel 

1.44 

2.4 

30 

29.58 

Sodium 

15.44 

nd 

27.2 

24.3 

Zinc 

4.38 

67.2 

25.4 

332.5 

(a)  source:  Toronto  and  Region  Conservation  Autiiority  (2003) 

(b)  source:  City  of  London,  2006;  Waste  Management  Corporation  of  Canada,  2009 
nd  =  no  data 
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Figure  7:     Bar  Graph  -  Metals  Comparison  -  Greenhouse  Averages  Discharae  compared  to  Leaminaton  Control  Storm 


Pond,  an  Urban  Storm  Pond  and  Landfill  Storm  Ponds 


Comparison  of  Ponds  -  Metals  concentrations  (ug/L) 
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Acute  Toxicity 

Acute  Lethality  tests  are  utilized  in  both  federal  and  provincial  legislation  as  a 
measure  to  determine  when  unacceptable  impact  is  occurring  to  a  watercourse. 
As  per  the  standard  established  by  the  Ministry  for  "Deemed  Impairment"  under 
Section  30  and  1  (3)  of  the  Ontario  Water  Resources  Act,  a  literature  review  of 
Acute  toxicity  values  (48hr)  for  Daphnia  magna  was  undertaken  and  these 
results  were  compared  against  the  results  from  the  Greenhouse  source  samples 
taken  for  this  project. 

One  significant  element  that  was  consistently  observed  in  elevated  amounts  in 
the  samples  was  copper.  Copper,  as  with  most  metals,  may  have  a  significant 
adverse  effect  to  the  environment  in  elevated  levels.  Using  the  conservative 
value  for  an  Acute  Lethality  Test  based  on  a  48  hour  exposure  (113  \^g/L 
(USEPA,  201 1))  33  source  samples  (37%)  could  have  failed  acute  lethality  tests 
dependent  on  pH,  Dissolved  Organic  Carbon,  Hardness  and  Alkalinity. 


Conclusion 

A)  Lebo  Drain  and  Sturgeon  Creek  have  elevated  levels  of  macronutrients  and 
several  metals  compared  to  nearby  local  streams. 

B)  Eleven  of  fifteen  sources  regularly  contribute  to  elevated  concentrations  and 
loadings  of  macronutrients  and  several  metals  over  50%  of  the  time. 

C)  The  greenhouse  ponds  sampled  have  significantly  higher  concentrations  of 
macronutrients  and  several  metals  as  compared  to  control  ponds  and  ponds 
utilized  for  urban  runoff  or  landfill  runoff. 

D)  Several  of  the  ponds  have  background  concentrations  of  Copper  that  could 
fail  Daphnia  magna  acute  lethality  tests  and  therefore  the  receptors  for  these 
pond  discharges  would  be  deemed  impaired  under  the  Ontario  Water  Resources 
Act 
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Appendix  A 
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sturgeon  Creek  and  Lebo  Drain  (and  Hillman 
Creek)  Nutrient  Loading  Preliminary  Investigation 

Essex  County,  Ontario 

study  Design 

Ontario  Ministry  of  the  Environment 
Summer  2007 

Introduction  and  Background 

In  the  fall  of  2005,  the  Groundwater  and  Stream  Water  Monitoring  Division  of  the 
Environmental  Monitoring  and  Reporting  Branch  (EMRB)  identified  consistently 
elevated  levels  of  metals  and  more  specifically  nutrients  in  Sturgeon  Creek  and 
Lebo  Drain.  Sturgeon  Creek  and  Lebo  Drain  are  routinely  monitored  as  part  of 
the  Provincial  Water  Quality  Monitoring  Network.  Metal  and  nutrient  values  for 
these  drains  are  elevated  beyond  the  provincial  average  typical  of  drains  and 
creeks  within  the  Essex  Clay  Plain. 

EMRB  communicated  these  values  with  Southwestern  Regional  and  Windsor 
Area  MOE  staff  to  determine  the  potential  sources  of  the  results.  These  two 
watercourses  are  located  in  the  Leamington  area  of  Essex  County  (see  Figure 
1).  This  area  supports  large  field  and  greenhouse  tomato  growing  operations.  As 
the  two  creeks  involved  in  this  study  lie  in  the  heart  of  the  tomato  growing  area, 
both  the  Region  and  the  District  hypothesize  that  the  elevated  results  could  be 
linked  to  intensive  horticultural  practices.  Horticulture  crops  such  as  tomatoes 
rely  heavily  on  inputs  such  as  fertilizer  for  commercial  growing  requirements. 
Streams  immediately  outside  the  intensive  tomato  growing  area  do  not  reflect  the 
same  elevated  numbers. 

The  study  is  designed  to  test  this  hypothesis.  The  study  will  involve  completing  a 
land  use  inventory  and  to  complete  water  sampling  in  major  tributaries  of  the 
Sturgeon  and  Lebo  drains 

Study  Design 

Ministry  Staff  from  the  Southwestern  Regional  Office  completed  water  sampling 
along  the  Lebo  Drain,  Hillman  Creek  and  Sturgeon  Creek  on  July  25'^  and  26"^  of 
2007.  Sample  sites  were  chosen  that  captured  larger  confluences  of  each 
stream's  tributaries.  The  intent  was  to  determine  whether  the  impacts  were 
localized  or  watershed  wide. 

Ministry  staff  also  completed  a  windshield  survey  of  land  uses  within  the 
respective  watersheds.  Land  uses  were  compared  to  water  sampling  results  from 
each  tributary  to  correlate  potential  sources  of  point  source  discharge  and/or  non 
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point  discharge  associated  witli  lieavy  inputs  to  field  operations. 

Water  quality  samples  were  analysed  for  the  same  parameters  that  have  been 
flagged  within  routine  monitoring  through  the  Provincial  Water  Quality  Monitoring 
Network.  Specifically  these  are:  conductivity,  pH,  alkalinity,  nitrate,  ammonia, 
total  kjeldahl  nitrogen,  total  phosphorous,  metals. 


Figure  1:       Study  Area 
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Figure  2 
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Table  1: 


Lebo  Drain/Hillman  Creek  -  Water  Quality  Results  ( mg/l) 


Site  # 

Temperature 
(celcius) 

conductivity 

pH 

Alkalinity 

Nitrate 

Total 
Ammonia 

Total 
Phosphate 

TKN 

Total 

Phosphorous 

Flow 
present 

Yes/no 

HG-01 

18.8 

2730 

7.63 

110 

258 

0.22 

15.6 

1.69 

15.9 

Yes 

HG-02 

18.2 

864 

8.34 

144 

34 

0.05 

4.64 

0.98 

4.66 

No 

HG-03 

18.4 

1800 

7.95 

205 

58 

2.21 

3.99 

2.62 

4.09 

No 

HG-04 

19.9 

994 

7.97 

188 

22 

2.46 

9.57 

3.05 

9.42 

Yes 

HG-05 

20.9 

2580 

7.59 

449 

.05 

3.19 

0.03 

8.25 

0.61 

No 

HG- 
06(A) 

19.9 

716 

8.48 

145 

.05 

3.57 

3.57 

1.22 

3.74 

No 

HG-07 

20.0 

810 

8.28 

211 

6.2 

0.30 

0.26 

1.10 

0.25 

Yes 

HG-08 

20.8 

934 

8.30 

232 

4.58 

0.05 

0.79 

0.94 

0.78 

Yes 
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Table  2:       Sturgeon  Creek  -  Water  Quality  Results  ( ma/I) 


Site# 

Temperature 
(celcius) 

conductivity 

pH 

Alkalinity 

Nitrate 

Total 
Ammonia 

Total 
Phosphate 

TKN 

Total 

Phosphorous 

Flow 
present 

Yes/no 

SC- 
01 

20.8 

1710 

7.96 

128 

93.0 

0.05 

12.7 

0.96 

12.7 

Yes 

sc- 

02 

21.5 

986 

8.05 

262 

.05 

0.07 

.02 

2.15 

0.24 

Yes 

SC- 
04 

20.3 

839 

8.05 

247 

1.39 

.05 

.02 

5.62 

0.97 

No 

sc- 

05 

19.8 

1610 

7.86 

145 

88.9 

0.30 

15.4 

1.67 

15.8 

Yes 

SC- 
06 

19.1 

1530 

8.2 

221 

59.0 

.05 

4.55 

0.73 

4.61 

Yes 

sc- 

07 

21.6 

3280 

7.86 

402 

201.0 

0.16 

9.21 

0.69 

8.91 

Yes 

sc- 

08 

21.6 

2910 

7.69 

346 

176.0 

0.40 

12.0 

1.11 

12.3 

Yes 

SC- 
09 

20.4 

1290 

8.27 

338 

17.0 

0.40 

1.56 

0.56 

1.89 

Yes 

SC- 
10 

23.7 

2560 

8.00 

340 

134.0 

0.12 

9.42 

0.95 

9.24 

Yes 

*note*  there  is  no  sample  site  SC-03 
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Discussion: 


Sturgeon  Creek: 

Sturgeon  Creek  appears  to  be  the  most  heavily  impacted  of  the  three  streams 
investigated.  SC-1  (near  the  outlet  of  Sturgeon  Creek  to  Lake  Erie)  appears  to  be  heavily 
impacted  by  nutrient  loading.  The  data  suggests  that  the  input  is  likely  inorganic  fertilizers 
and  not  organic  sources  such  as  manure  or  septics.  The  high  nitrate  number  and 
relatively  normal  total  kjeldahl  nitrogen  suggests  inorganic  nitrogen  fertilizer.  The  total 
phosphate  is  nearly  equal  to  the  total  phosphorous  values  which  again  would  be 
consistent  with  an  inorganic  phosphorous  fertilizer.  The  Region  completed  a  review  of 
industrial  Certificates  of  Approval  for  the  area  and  did  not  find  any  Certificates  that  would 
reflect  significant  industrial  sources  of  nitrate  or  phosphorous  loading.  Sites  SC-05,  S-06, 
SC07,  SC-08,  SC-1 0  are  also  heavily  under  the  influence  of  nitrogen  and  phosphorous 
suggesting  impact  up  to  and  including  headwater  influences.  SC-09  is  a  headwater 
tributary  which  appears  to  be  mildly  impacted.  SC-04  appears  to  have  values  that  do  not 
suggest  the  influence  of  nutrient  loading. 


Lebo  Drain: 

Lebo  Drain  sample  sites  are  HG-01  to  HG-04  inclusive.  All  4  sample  sites  indicate 
significant  inorganic  nutrient  loading.  At  all  four  sites,  total  phosphorous  was  nearly  all  in 
the  form  of  total  phosphate  and  was  typically  more  than  100  times  above  what  would  be 
normal  for  a  stream  in  southwest  Ontario.  Nitrate  was  also  significantly  high  at  all  four 
sites  while  the  TKN  was  near  normal,  again  suggesting  an  inorganic  source.  The  Region 
completed  a  review  of  industrial  Certificates  of  Approval  for  the  area  and  did  not  find  any 
Certificates  that  would  reflect  significant  industrial  sources  of  nitrate  or  phosphorous 
loading. 


Hillman  Creek: 

Water  sample  sites  HG-05,  HG-06A,  HG-07,  and  HG-08  constitute  the  sample  sites  along 
Hillman  Creek  (see  diagram).  Water  quality  samples  did  not  indicate  any  significant 
nutrient  impairment  issues. 

Metals: 

Historical  water  sampling  completed  by  the  Provincial  Water  Quality  Monitoring  Network 
has  demonstrated  elevated  metals  at  both  the  Lebo  Drain  and  Sturgeon  Creek  sample 
locations.  Sample  results  gathered  for  all  sites  for  this  investigation  show  no  consistent 
patterns  for  metals.  However,  there  were  significantly  elevated  values  that  would  suggest 
that  the  elevated  metals  at  the  PWQMN  stations  are  a  result  of  upstream  influences. 
Metal  Results  through  all  three  watersheds  were  highly  variable  and  elevated  results 
were  often  associated  with  potential  elevated  reduction/oxidation  opportunities  associated 
with  stagnant  waters.  Sample  results  are  presented  as  raw  data  in  appendix  "A".  Regional 
Technical  support  does  not  feel  there  is  sufficient  information  as  to  speculate  on  a  source. 
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Recommendations 


Regional  Technical  Support  is  of  the  opinion  that  there  is  sufficient  information  to  strongly 
suggest  that  intensive  horticultural  activities  (specifically  but  not  exclusively  greenhouses) 
are  contributing  to  elevated  nutrient  levels  at  the  mouths  of  the  Lebo  Drain  and  Sturgeon 
Creek.  It  is  the  position  of  technical  support  that  a  more  detailed  investigation  be  made  of 
outfalls  associated  with  intensive  horticultural  practices  within  the  sampled  watersheds. 

Such  a  study  should  encompass  the  resources  of  the  Environmental  Monitoring  and 
Reporting  Branch  with  the  Support  of  Regional  Technical  Support,  The  Windsor  Area 
Office  and  the  Ontario  Ministry  of  Agriculture,  Food  and  Rural  Affairs.  Both  the  Mersea 
Township  Drainage  Superintendent  and  the  Essex  Region  Conservation  Authority  may 
need  to  be  contacted  for  more  local  knowledge  of  the  watercourses. 
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Appendix  B 

Map  -  2010  Greenhouse  Study  Sample  Site  Locations 
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